Introduction
Nanhui New City (NNC) is a recently developed district located approximately 60 km to southeast of Shanghai, China. Construction began in 2002 and is scheduled to complete in 2020. The site is located at the tip of the peninsula between Yangtze River and Hangzhou Bay (Figure 1 ). The total planned area is 311.6 km 2 , of which 42.8% is reclaimed from the sea. NNC is one of the largest land reclamation projects in the world.
The coastline in this area has been changing significantly. In this study, we use images acquired from synthetic aperture radar (SAR) to monitor coastline changes of NNC.
Datasets

SAR data
Nine SAR images from ERS-2 and ENVISAT satellites were selected for coastline extraction. They are all in C-band with approximately 30 m spatial resolution and a pixel spacing of 12.5 m. The swath width is about 100 km. Table 1 lists SAR data and ancillary information used in this study.
In situ tidal-level data
In this study, the in situ tidal-level data measured at Luchaogang Hydrologic Station (Figure 1 ) located to the south of NNC is provided by the Shanghai Pudong New Area Hydrology and Water Resource Administration. The tidal-level data is referenced to the Wusong datum plane. The tidal gauge time series data covers the entire study period. Speckle noise is a granular noise that degrades the quality of SAR images. In this study, commonly used Lee filter [1] was applied to reduce the speckle noise to enhance the radiometric information in each SAR image.
Image processing
SAR image speckle reduction
SAR geometric correction
The collected SAR images are all Level 1B product with location accuracy of 150 m. We used ground control points (GCPs) to make geolocation correction to all SAR images. The averaged residual geolocation accuracy is less than 50 m. Many semi-automatic or automatic algorithms [2,3,4,5,6] algorithms have been developed to extract a single-pixel boundary between land and water from SAR images. In this study, we developed a new image segmentation procedure for coastline extraction from SAR images. We divide an image into many blocks, divide each block into regions using Normalized Cut [7] , find the thresholds for each region based on a global threshold value, and then combine all blocks.
Coastline extraction from SAR imagery
Results and Discussions
The extracted coastlines of Nanhui New City
Nine waterlines are extracted from the SAR images between 1998 and 2006. Among these, four are at high tide, four at middle tide and one at low tide. To obtain coastlines, 1) the waterlines were divided into four groups. 
Coastline changes of Nanhui New City, Shanghai
The seaward coastline change of NNC from 1998 to 2006 is shown in Figure 2 . For the convenience of the description, the coastline of NNC was divided into two areas. The first area (S1) is from northern Dazhi River (marked with 'A' in 
Conclusions
In this study, we successfully extracted the coastlines of Shanghai from a series of ERS-2 and ENVISAT SAR images acquired between 1998 and 2006 using a new image segmentation scheme. 
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